Introduction
The term neurothekeoma (nerve sheath myxoma) had first been used to describe hypocellular dermal tumours composed of lobules and nests of predominantly spindle cells within a mucinous stroma 1, 2 , which were later designated as myxoid neurothekeomas 3 . The neoplastic cells subsequently proved to be positive for S100 protein with ultrastructural features of Schwann cells 4 . The cellular variant of neurothekeoma as described in detail by Barnhill et al. 5, 6 was different. The tumours were more cellular and epithelioid, the stroma was more fibrous and the cells lacked immunoreactivity for S100 protein, but were often positive with NK1C3 (CD57) 7 . The nosology and histogenesis of cellular neurothekeoma has remained enigmatic so far.
We describe 15 cases of cellular neurothekeoma whose clinicopathological findings suggest a relationship with dermatofibroma.
Materials and methods
Six cases of cellular neurothekeoma (cases 1-6) were retrieved from the files of the Dermatohistopathological Laboratory, Department of Dermatology, University of Innsbruck, Innsbruck, Austria (Ϸ 15 000 skin specimens/year over the last two decades). Four others (cases 7-10) were recruited over a period of 4 years from the routine histology of the Dermatohistopathological Private Laboratory Friedrichshafen, Germany (Ϸ 150 000 skin specimens/year). Five other cases, which showed only focal cellular neurothekeoma-like features, were collected when recently reviewing more than 3000 dermatofibromas; three of them (cases 11-13) have been previously published 8, 9 . Basic clinical details were obtained from histopathological request forms and patients' notes; clinical followup data were available for all patients included in this study either from medical records or from personal contact with the patients themselves or their general practitioner during early 1997.
Formalin-fixed, paraffin-embedded material was available in all cases except one (case 3) with only haematoxylin and eosin (H & E), S100 protein and vimentin stained slides. Serial sections were stained with H & E, special stains such as Perls' Prussian blue reaction, orcein, van Gieson, Gomori and periodic acidSchiff stains as well as immunohistochemical labelling with a three-step ABC method. For details of primary markers see Table 1 .
Ultrastructural studies were performed using two blocks of formalin-fixed, paraffin-embedded tissue (cases 1 and 11). Selected tumour parts were punched out of the paraffin block, reembedded in Epon 812 and stained with uranyl acetate/lead citrate in the usual way. Specimens were scanned with a goniometer-equipped Philips EM 400 electron microscope operating at 80 kV.
Results

C L I N I CA L I N F O R M AT I O N
The lesions had been present between 6 months (case 11 ) and 3 years (case 1 and 13); no information was available in the other cases ( Table 2 ). In one case (case 13) there was a history of an 'incision' prior to the development of the lesion.
All lesions revealed characteristic features of cellular neurothekeoma: on scanning magnification, regular, predominantly dermal, moderately well demarcated lesions, which, on higher magnification, showed whorled nests of epithelioid cells surrounded by a variable amount of sclerotic collagen ( Figure 1 ). The amount of collagen ranged from minimal in whorled, sheet-like infiltrates to prominent with a dense fibrosclerotic to hyalinized ('desmoplastic') stroma ( Figure  1c ) surrounding nests, lobules and fascicles of epithelioid cells, giving these lesions a plexiform character. The epithelioid cells were similar in size to keratinocytes, with palely eosinophilic cytoplasm and ill-defined cellular borders. Most of the cells had euchromatic nuclei with prominent nucleolei, some were hyperchromatic with occasional mitoses (< 1/10 high-power fields) and/or a few giant cells. Only small to moderate amounts of Alcian-positive myxoid material were present both within the cellular nodules and in the stroma. Two cases showed focal extension into the subcutaneous tissue (cases 10 and 12). In addition to these typical features, all lesions revealed fibrohistiocytic characteristics: acanthosis above the lesion (Figure 1a ), often with a shallow central indentation; a focal, often peripherally accentuated storiform pattern resulting from gradual blending with central epithelioid areas ( Figure 1b) ; an illdefined, often infiltrative margin with prominent sclerosis ( Figure 2 ) and lymphocytic infiltration/demarcation ( Figure 3 ). While these features accounted for less than 10-20% of the infiltrate in 10 lesions (cases 1-10), cellular neurothekeoma-like features were the minority (10-50%) in the rest (cases [11] [12] [13] [14] [15] . Such features were seen in an otherwise typical dermatofibroma (case 14); a 'myofibroblastic' dermatofibroma (case 11), a recently described subtype of fibrohistiocytic tissue response with markedly slender, strongly smooth muscle actin positive spindle cells; see Figure 2a -c of our recent publication 9 ; two granular cell dermatofibromas (cases 12 and 13) with typical granules within epithelioid cells ( Figure 4b) ; one of them (case 12) had the silhouette of a deep penetrating dermatofibroma with a smooth nodular border towards the subcutis, the other (case 13) the silhouette of an epithelioid cell histiocytoma showing an infiltrate of the papillary dermis with epidermal 'collarette' ( Figure 4a) ; and, finally, one cellular epithelioid histiocytoma (case 15), another recently described fibrohistiocytic variant with high cellularity and characteristic scalloped epithelioid cells 10 . All lesions were richly vascularized but showed no erythrocyte extravasation or pigment deposition. Small nerves were occasionally incorporated into the lesion, but showed no particular relation to whorled nests or fascicles.
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M M U N O H I S TO C H E M I S T RY
All lesions were negative for S100 protein (Figure 5a ), but were positive for NK1C3 (CD57) (Figure 5b ) (Table 3 8,9,11-15 ). The latter reactivity was prominent in epithelioid areas, but moderate to absent in spindle-shaped zones. All lesions also prominently (> 90%, all cells types) labelled with KiM1p and, less prominently, for proliferating cell nuclear antigen ( Figure 5c ). Variable reactivity was seen for neurone specific enolase (25-100% in seven lesions), factor XIIIa (10-50% in five), smooth muscle specific actin (10-50% in six) ( Figure 5d ) and with E9 (10-30% in three). Immunoreactivity for smooth muscle specific actin was most prominent in spindle-shaped areas; in contrast, labelling for factor XIIIa and with E9 was more prominent in epithelioid areas. KP1 (CD68) strongly outlined the giant cells, while the reactivity of mononuclear cells was negative. Endothelial cell markers outlined the prominent vascularity of the lesions, but were otherwise negative. Except for vimentin the other markers were negative. Electron microscopy revealed large epithelioid cells with well demarcated cell borders, and oval, hypo-to euchromatic nuclei with prominent nucleolei. Microfilaments, attachment plaques, prominent pinocytosis and focal remnants of basal lamina were consistent ultrastructural findings supporting a (myo)fibroblastic delineage of these cells. All cells were surrounded by densely packed collagen fibres.
Discussion
Several studies on neurothekeomas with controversial immunohistochemical and ultrastructural features have fired conflicting debates about the relationship between cellular and myxoid neurothekeomas as well as the nosology and histogenesis of this 'entity'. Lesions showing histological findings intermediate between myxoid and cellular neurothekeomas 3, 5, 16, 17 have been the strongest argument in support of a relationship between cellular and myxoid neurothekeomas. Yet none of the illustrations provided 3, 5, 16, 17 really convincingly proves this argument. Moreover, Angervall et al. 4 have documented a Schwannian origin of myxoid neurothekeomas, which was subsequently confirmed by several authors [18] [19] [20] [21] [22] [23] [24] [25] , but could not be proven for cellular neurothekeoma 17 . In contrast, a wide variety of immunohistochemical and ultrastructural features favoured an origin from perineurial cells 18, 26, 27 , fibroblasts 2,5,6,16,28 , myofibroblasts 5, 6, 16, 28 , smooth muscle cells 7 , histiocytes 6, 17 and undifferentiated cells 16 suggesting heterogeneity of cellular neurothekeomas. The clinicopathological findings from the present series as well as data and photographic material from previous studies (Table 4) 2,3,5-7,17,28-34 seem to indicate that at least some cellular neurothekeomas might be related to dermatofibroma.
While none of the clinicopathological similarities alone are a valid argument, the number of similarities is impressive: predilection for young females, frequent clinical suspicion of a dermatofibroma/fibrous histiocytoma, benign course with rare recurrence when excision is incomplete 2 ; absence in organs other than skin, predominantly dermal location, acanthosis, storiform tumour areas, peripherally accentuated sclerotic collagen and lymphocytic inflammation/demarcation, overlap cases with features of both dermatofibroma and cellular neurothekeoma; a variable immunohistochemical profile (factor XIIIa, smooth muscle specific actin, antimetallothionein, proliferating cell nuclear antigen) due to a characteristic time and function dependent sequence of immunolabelling as previously described 8,9,11-14 indicative of a reactive fibrohistiocytic process 35 ; and ultrastructural (myo)fibroblastic differentiation such as euchromatic indented nuclei, cytoplasmic microfilaments, attachment plaques, prominent pinocytosis and focal remnants of basal lamina 5, 6, 16, 28 . Seemingly obvious differences can easily be interpreted against this background. In contrast to ordinary as well as most other variants of dermatofibroma 35 , which have a predilection for the lower legs, cellular neurothekeomas occur with decreasing frequency on the head, upper limbs and trunk. This is similar to other rare variants of fibrohistiocytic tissue response such as atrophic dermatofibroma on the shoulders 12, 36 , cellular benign fibrous histiocytoma on the upper extremities 37 or granular cell dermatofibroma on the upper trunk 8, 38 . Similarly, epithelioid features can occur in epithelioid cell histiocytoma 39 including a cellular variant 10 , which like cellular neurothekeomas may sometimes cause great difficulties in differentiation from melanocytic lesions, i.e. Spitz naevi 39 and plexiform pigmented spindle cell naevus 5, 6 , respectively. Characteristically, epithelioid cell histiocytomas lie in the papillary dermis where the comparatively loose tissue qualities might more easily enable an epithelioid differentiation than between the tight collagen bundles of the reticular dermis of the lower extremities, which seems to favour spindle cell differentiation. Similarly, less prominent tissue restrictions of the skin in the face and upper extremities might also favour epithelioid differentiation in cellular neurothekeomas. Finally, labelling with NK1C3 (CD57) and neurone specific 
14/14; þ þ þ 27/38; þ þ Prominent in aneurysmal fibrous histiocytoma, granular cell and myofibroblastic dermatofibroma Neurone specific enolase 7/14; þ/þ þ þ 3/5; þ þ Frequently diffuse background reaction ('smear') * Number of positive cases; Tables refer to the respective references in the first column of the table. enolase 7, 17 can be seen in dermatofibromas, too, but usually the reactivity is weak and/or focal. However, there are exceptions which exhibit strong and diffuse labelling, such as granular cell dermatofibroma 8, 38 , clear cell dermatofibroma 11 or myofibroblastic dermatofibromas 9 ( Table 3 ). All of these fibrohistiocytic phenomena are rare events as are cellular neurothekeomas. Two cases of cellular neurothekeoma (nine others were referrals and/or 'abortive' variants) in the files of the Dermatohistopathologic Laboratory of the Department of Dermatology, University of Innsbruck over the last two decades equate a frequency of one case per 1500 'ordinary' dermatofibromas. As a primary health care laboratory with a catchment area of Ϸ 1 million people (covering 90% of the skin specimens) these data signify an annual incidence of roughly 1 case per 10 million people.
The differential diagnosis mainly concerns the plexiform pigmented spindle cell naevus; remnants of melanin, epidermal melanocytes and S100 protein reactivity are helpful for differentiation 5, 6 . Other dermal plexiform lesions such as cutaneous meningioma, perineurioma, plexiform neurofibroma, plexiform granular cell tumour, plexiform dermal spindle cell lipoma and tufted angioma, are mostly of academic interest, but usually cause no practical problems 15 . One other entity deserves further attention: plexiform fibrohistiocytic tumour 40 . The striking similarity to cellular neurothekeoma has already been stressed by Requena and Sangü eza in 1995 34 . Both entities only differ (a) by the predominantly subcutaneous location of plexiform fibrohistiocytic tumour, although a dermal variant of plexiform fibrohistiocytic tumour was recently described 15 ; and (b) by the greater prominence of (osteoclast-like) giant cells in plexiform fibrohistiocytic tumour which may also be seen in various subtypes of dermatofibroma such as pseudosarcomatous 41 , elusive 42 and aneurysmal (fibrous) histiocytomas 43 . Thus, the idea that plexiform fibrohistiocytic tumour could also be a variant of dermatofibroma is intriguing.
In trying to bring some order into the confusing variety of clinicopathological variants of dermatofibromas 35 described over the last two decades, one could, from a conceptual point of view, best group them into four categories (Table 5 ): (1) dermatofibromas/fibrous histiocytomas with architectural, (2) with cellular/ stromal, (3) with both architectural and cellular/ stromal pecularities, and (4) with a mixed pattern. According to this categories the whorled nests to fascicles of epithelioid cells would put cellular neurothekeoma into group 3, those lesions with focal cellular neurothekeoma-like features besides other pecularities such as myofibroblastic or granular cell features into group 4.
